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(57)Abstract 

PROBLEM TO BE SOLVED: To provide slurry composition for ceramic green sheet and green sheet with excellent 
adhesivrty at thermocompression bonding while keeping strength and good separability from backing. 
SOLUTION: The slurry composition for ceramic green sheet of this invention is characterized in that the 
composition contains a mixture of plural kinds of polyvinyl acetal resin with different hydroxyl group amount and 
polymerization degree, wherein a difference in each hydroxyl group amount is >5 mol%, the difference of each 
polymerization degree is >500, an apparent hydroxyl group amount is 300-2400 when mixed, ceramic powder, 
plasticizer and organic solvent. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The slurry constituent for ceramic green sheets with which the difference of the amount of 
hydroxyl groups of each polyvinyl-acetal resin is characterized [ the amount of hydroxyl groups of the 
appearance when being 500 or more and being mixed ] by containing mixture, and the ceramic powder, 
plasticizer and organic solvent of two or more kinds of polyvinyl-acetal resin with which the amount of 
hydroxyl groups from which the polymerization degree of 20-40-mol % and appearance is set to 300-2400 
differs from polymerization degree by the difference of more than 5 mol % and polymerization degree. 
[Claim 2] The green sheet which carried out size enlargement of the slurry constituent for ceramic green 
sheets according to claim 1 to the shape of a sheet, and was obtained by drying. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the green sheet obtained using the slurry constituent for 

ceramic green sheets, and it. 

[0002] 

[Description of the Prior Art] When manufacturing a stacked type ceramic condenser, generally it is 
manufactured through the following processes. First, binder resin and a plasticizer are added into the 
solution which distributed ceramic powder in the organic solvent, it mixes to homogeneity with mixed 
equipments, such as a ball mill, degassing is carried out, and a slurry constituent is adjusted. Subsequently, 
this slurry constituent is applied on the base material of detachability using a doctor blade, 3 roll reverse 
coating machine, etc., after heating this and drying, it exfoliates from a base material and a green sheet is 
obtained. 

[0003] Two or more things which applied the conductive paste used as an internal electrode by screen- 
stencil etc. on the obtained above-mentioned green sheet are accumulated, heating sticking by pressure is 
carried out, and a layered product is obtained. A stacked type ceramic condenser is obtained by sintering an 
external electrode to the end face of a ceramic sintered compact which cut, calcinated and obtained it in the 
predetermined configuration. 

[0004] Using polyvinyl-acetal resin, for example, polyvinyl butyral resin, for this kind of green sheet, in 
order to improve handling nature is known (for example, refer to JP,3-19751 1,A, JP,3 -200805, A, JP,4- 
175261, A, and JP,4- 178404, A). 

[0005] In recent years, as for the stacked type ceramic condenser, small large capacity-ization is called for 
with the miniaturization of electronic equipment. To accumulate 200 or more layers (for example, 5 
micrometers or less) of green sheets of the thin layer obtained as the policy using the ceramic powder 
(particle size is 0.5 micrometers or less) of a more detailed particle size compared with the conventional 
thing is tried. 

[0006] However, in order to accumulate the green sheet of such a thin layer on 200 or more layers, the 
reinforcement of the adhesive property at the time of thermocompression bonding or the detachability from 
a base material, and a green sheet becomes very important. For example, in order to raise the 
thermocompression bonding nature at the time of a laminating, it is effective that the amount of hydroxyl 
groups uses that it is few (the degree of acetalization is high) or polyvinyl-acetal resin with a low degree of 
polymerization. 

[0007] However, since the detachability of the green sheet from a base material worsened or a green sheet 
became soft by one side, and since polymerization degree was low, the reinforcement of a green sheet fell, 
the reinforcement for being equal to the exfoliation at an exfoliation process was lacking, and there was a 
problem that a green sheet will be torn or it will be extended unusually. 

[0008] Moreover, in order to raise the detachability from the base material of a green sheet, and 
reinforcement, it is effective that the amount of hydroxyl groups uses many (the degree of acetalization is 
low) or polyvinyl-acetal resin with a high degree of polymerization, but the adhesive property at the time of 
thermocompression bonding becomes low, problems, such as exfoliation of the green sheet after a 
laminating, occur, or when polyvinyl-acetal resin with a high degree of polymerization is used, it becomes 
difficult for slurry viscosity to become high and to slur. 

[0009] In order to improve this, improving the thermocompression bonding nature of a green sheet by 
increasing the addition of a plasticizer was also considered, but when the plasticizer was added 
superfluously, and contraction at the time of sintering worsened or it was kept with a green sheet, the 
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problem was in the stability in the passage of time, like a plasticizer carries out bleed out. 
[0010] 

[Problem(s) to be Solved by the Invention] The place which this invention solves the above-mentioned 
problem and is made into the purpose is in the condition which maintained reinforcement, and is for the 
adhesive property at the time of thermocompression bonding to be excellent moreover, and offer the slurry 
constituent for ceramic green sheets and green sheet with good detachability from a base material. 
[0011] 

[Means for Solving the Problem] As for the slurry constituent for ceramic green sheets of this invention, the 
difference of the amount of hydroxyl groups of each polyvinyl-acetal resin is characterized by the amount of 
hydroxyl groups of the appearance when the difference of more than 5 mol % and polymerization degree 
being 500 or more, and being mixed containing mixture, and the ceramic powder, plasticizer and organic 
solvent of two or more kinds of different polyvinyl-acetal resin of the amount of hydroxyl groups from 
which the polymerization degree of 20-40-mol % and appearance is set to 300-2400, and polymerization 
degree. 

[0012] Moreover, the green sheet of this invention carries out size enlargement of the slurry constituent for 
ceramic green sheets according to claim 1 to the shape of a sheet, and is dried and obtained. 
[0013] As for the polyvinyl-acetal resin used by this invention, the amount of appearance hydroxyl groups 
when two or more different kinds of the amount of hydroxyl groups and a degree of polymerization of 
polyvinyl-acetal resin is mixed becomes 20-40-mol %. If the amount of appearance hydroxyl groups of the 
mixed polyvinyl-acetal resin becomes less than [ 20 mol % ], the flexibility of the sheet at the time of 
making it a green sheet will become strong, and the detachability of the green sheet from a base material 
will worsen. Conversely, if it sees and the amount of hydroxyl groups exceeds 40-mol %, the problem of the 
adhesive property at the time of thermocompression bonding of a good thing exfoliating between green 
sheets bad will generate the detachability of the green sheet from a base material. 

[0014] The amount of hydroxyl groups indicated here, the degree of acetalization, and whenever [ apparent 
acetylation ] are JIS. K It can calculate by applying the approach of a publication to 6728 "a polyvinyl- 
butyral test method." In addition, in this invention, the appearance polymerization degree and the amount of 
appearance hydroxyl groups of a polyvinyl acetal are calculated by the following formula. 
(Al+Bl) logx=AllogA2+BllogB2X : Appearance polymerization degree of the mixed polyvinyl-acetal 
resin (the amount of appearance hydroxyl groups) 

Al : Mixed weight ratio A2 of polyvinyl-acetal resin A : Polymerization degree of polyvinyl-acetal resin A 
(the amount of hydroxyl groups) 

Bl : Mixed weight ratio B-2 of polyvinyl-acetal resin B : Polymerization degree of polyvinyl-acetal resin B 
(the amount of hydroxyl groups) 

[0015] Moreover, if few, two or more kinds of polyvinyl-acetal resin requires that it should differ from a 
degree of polymerization that the difference of the amount of hydroxyl groups is more than 5 mol %, 
respectively as for the amount of hydroxyl groups. It is because thermocompression bonding nature or the 
detachability from a base material, and sheet reinforcement cannot be balanced as the difference of the 
amount of hydroxyl groups is less than [ 5 mol % ], so one of engine performance is inferior. Moreover, the 
polyvinyl-acetal resin of the above-mentioned two or more classes has [ 500 or more ] the difference of 
polymerization degree required for a certain thing. Thermocompression bonding nature and sheet 
reinforcement cannot be balanced as it is less than 500, but it results in it being inferior in either. 
[0016] The appearance polymerization degree of polyvinyl-acetal resin after being mixed needs to be the 
range of 300-2400. The sheet reinforcement at the time of green sheet shaping does not have appearance 
polymerization degree less than 300, a green sheet goes out in the case of the exfoliation from a base 
material, or a crack becomes easy to enter. Conversely, if polymerization degree exceeds 2400, the solution 
viscosity of a slurry will become high too much, and a slurry constituent with it will not be obtained. [ bad 
dispersibility and ] [ uniform ] 

[0017] Moreover, also about the amount of appearance acetyl groups, although there is especially no 
limitation, it is desirable that it is less than [ 20 mol % ]. It is because the glass transition temperature of 
resin falls, flexibility is too strong and the handling nature of a green sheet may worsen, when the amount of 
appearance acetyl groups exceeds 20-mol %. Moreover, the mixing ratio of the polyvinyl-acetal resin with 
which the amount of hydroxyl groups differs from a degree of polymerization will not be limited especially 
if the amount of appearance hydroxyl groups of the polyvinyl-acetal resin of completion is 20-40-mol the 
range which is %. 

[0018] Such polyvinyl-acetal resin can add various aldehydes in the water solution of polyvinyl alcohol, and 
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can compound them by performing an acetalization reaction by the well-known approach. The polyvinyl 
alcohol used has that desirable whenever [ 200-3500, and saponification / whose ] polymerization degree is 
75-99.8-mol %. If composition of polyvinyl alcohol becomes [ a degree of polymerization ] difficult less 
than by 200 and a degree of polymerization exceeds 3500 conversely, when this is made into a water 
solution, the viscosity will become high too much and an acetalization reaction will become difficult. 
[0019] Moreover, it is because composition of polyvinyl alcohol will become difficult if less than [ 75 mol 
% ] is not enough as whenever [ saponification ] as for the solubility to water and whenever 
[ saponification ] exceeds 99.8-mol % conversely. 

[0020] As an aldehyde used for acetalization of polyvinyl alcohol Although not limited especially, for 
example Formaldehyde (a paraformaldehyde is included), An acetaldehyde (a PARAASETO aldehyde is 
included), propionaldehyde, A butyraldehyde, amyl aldehyde, a hexyl aldehyde, a heptyl aldehyde, A 2- 
ethylhexyl aldehyde, a cyclohexyl aldehyde, a furfural, Glyoxal, glutaraldehyde, a benzaldehyde, 2-methyl 
benzaldehyde, 3 -methyl benzaldehyde, 4-methyl benzaldehyde, a p-hydroxy benzaldehyde, An m-hydroxy 
benzaldehyde, phenylacetaldehyde, beta-phenyl propionaldehyde, etc. are mentioned, and these aldehydes 
are independent or it is used combining two or more sorts. That which acetalized by the acetaldehyde and/or 
the butyraldehyde especially is desirable. 

[0021] An example of the manufacture approach of the polyvinyl-acetal resin used by this invention is 
explained concretely. First, the above-mentioned polyvinyl alcohol is dissolved in water. Next, in existence 
of an acid catalyst like a hydrochloric acid, the aldehyde of the specified quantity, and after making it react 
with an acetaldehyde and/or a butyraldehyde preferably, alkali, such as a sodium hydroxide, neutralizes and 
rinsing and desiccation are performed, so that the aforementioned degree of acetalization may be given. In 
this way, the polyvinyl-acetal resin used for this invention is obtained. 

[0022] The slurry constituent for ceramic green sheets of this invention blends mixture, and two or more 
kinds which see with the above-mentioned amount of appearance hydroxyl groups from which specification 
differs, and have a degree of polymerization of the ceramic powder, plasticizers and organic solvents of 
polyvinyl-acetal resin, and is adjusted by mixing this with a conventional method. 
[0023] As for polyvinyl-acetal resin, it is desirable to blend in 3 - 15% of the weight of the range into a 
ceramic slurry. If the loadings of polyvinyl-acetal resin exceed 1 5 % of the weight, the viscosity of a 
ceramic slurry becomes high too much, dispersibility falls, and contraction of a sheet will become large in 
case the obtained green sheet is calcinated. On the contrary, the loadings of resin become insufficient [ less 
than 3 % of the weight / the amount of the polyvinyl-acetal resin distributed by the whole ceramic powder ], 
and the flexibility of the green sheet obtained is inadequate and it becomes easy to generate a crack etc. after 
sintering. 

[0024] The ceramic powder used for manufacturing a ceramic green sheet conventionally as ceramic powder 
is used, as such ceramic powder, for example, powder, such as an alumina, a zirconia, an aluminum silicate, 
titanium oxide, a zinc oxide, barium titanate, a magnesia, sialon, a spinel mullite, glass ceramics, a 
carbonization silicic acid, a nitriding silicic acid, and alumimium nitride, is mentioned, and these ceramic 
powder is independent — or two or more sorts are combined and it is used. Moreover, glass frits, such as a 
MgO-Si02-CaO system, B-203-Si02 system, PbO-B203-Si02 system, 20CaO-Si02-MgO-B3 system, or 
a PbO-Si02-B-203-CaO system, may be added to these ceramic powder. 

[0025] In order to obtain the green sheet (for example, 5 micrometers or less) of a thin layer especially, it is 
desirable to use the ceramic powder (for particle size to be 0.5 micrometers or less) of a more detailed 
particle size. As for the above-mentioned ceramic powder, it is desirable to blend in 30 - 80% of the weight 
of the range into a ceramic slurry constituent. If the loadings of ceramic powder exceed 80 % of the weight, 
the viscosity of a ceramic slurry constituent will become high too much, and kneading nature will fall. On 
the contrary, the handling nature at the time of the viscosity of a ceramic slurry constituent becoming low 
too much, and the loadings of ceramic powder fabricating a sheet at less than 30 % of the weight worsens. 
[0026] As a plasticizer, if excelled in compatibility with polyvinyl-acetal resin, the plasticizer of arbitration 
can be used. For example, glycol derivatives, such as resin acid ester systems, such as phosphoric ester 
systems, such as phthalic ester systems, such as dibutyl phtalate, a dioctyl phthalate, diisodecyl phthalate, 
and phthalic acid benzyl butyl ester, tricresyl phosphate, tributyl phosphate, and phosphoric-acid triethyl, 
methyl ricinoleate acetyl, a dibutyl sebacate, and dioctyl adipate, butyl phthalyl glycolate, and triethylene 
glycol-2-ethyl butyrate, etc. are mentioned, and these plasticizers are used combining independent or two 
sorts or more. 

[0027] As for the above-mentioned plasticizer, it is desirable to blend in 0.1 - 10% of the weight of the range 
into a ceramic slurry constituent. If the loadings of a plasticizer exceed 10 % of the weight, the handling 
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nature at the time of fabricating a sheet will worsen. On the contrary, the flexibility of the sheet by the 
loadings of a plasticizer having blended the plasticizer at less than 0.1 % of the weight is not fully acquired. 
[0028] As for an organic solvent, it is desirable to dissolve polyvinyl-acetal resin, to give moderate kneading 
nature to a ceramic slurry constituent, and to use it in 20 - 80% of the weight of the range into a ceramic 
slurry constituent, as an organic solvent, for example, aromatic hydrocarbon, such as alcohols, such as 
ketones, such as an acetone and a methyl ethyl ketone, a methanol, ethanol, isopropanol, n-BUROPA 
Norian, and n-butanol, toluene, and a xylene, is mentioned, and these solvents are independent « or two or 
more sorts are combined and it is used. 

[0029] In addition, the slurry constituent of this invention may be made to contain lubricant, a dispersant, a 
deflocculatant, a wetting agent, an antistatic agent, a defoaming agent, etc. within limits which can attain the 
purpose if needed. 

[0030] In this way, after carrying out degassing if needed, it is applied on base materials, such as polyester 
film of detachability, and a plate of a steel plate, and an organic solvent is removed by heating and 
desiccation, the obtained slurry constituent for ceramic green sheets exfoliates from a base material after 
that, and a green sheet is obtained. 

[0031] In order to obtain a stacked type ceramic condenser using this green sheet, two or more things which 
applied the conductive paste used as an internal electrode by screen-stencil etc. on the green sheet are 
accumulated, heating sticking by pressure is carried out, and a layered product is obtained. After cutting this 
layered product in a predetermined configuration and a predetermined dimension, a stacked type ceramic 
condenser is obtained by heating to an elevated temperature (for example, about 600 degrees C), 
disassembling binder resin nearly completely, heating to an elevated temperature (for example, about 1350 
degrees C) further, sintering ceramic powder, and sintering an external electrode to the end face of the 
ceramic sintered compact subsequently obtained. 
[0032] 

[Function] Mix two or more kinds of polyvinyl-acetal resin with which the amounts of hydroxyl groups 
beyond 5 mol % mentioned above differ as binder resin, and the amount of appearance hydroxyl groups 
after mixing at 20-40-mol % By and the thing for which the polyvinyl-acetal resin with which the difference 
of a degree of polymerization becomes 500 or more, i.e., the polyvinyl-acetal resin with which compatibility 
with the same plasticizer differs, is used The function of thermocompression bonding nature is given by 
polyvinyl-acetal resin with a low degree of polymerization that there are few amounts of hydroxyl groups. 
By polyvinyl-acetal resin with a high degree of polymerization mostly [ the amount of hydroxyl groups ] 
The slurry constituent which gave the function of the detachability from a base material and sheet 
reinforcement is obtained, and the multilayer layered product of 200 or more layers can be obtained using 
the green sheet of a thin layer. 
[0033] 

[Embodiment of the Invention] The example and the example of a comparison of this invention are given to 

below. 

(Example 1) 

Polyvinyl alcohol 98-mol % 193g was added to 2900g of pure water the manufacture degree of 
polymerization 300 of polyvinyl-acetal resin, and whenever [ saponification ], and at the temperature of 90 
degrees C, it stirred for about 2 hours and dissolved. This solution was cooled at 28 degrees C, 20g of 
hydrochloric acids of 35 % of the weight of concentration and n-butyraldehyde 1 1 5g were added to this, 
solution temperature was lowered to 20 degrees C, this temperature was maintained, the acetalization 
reaction was performed, and the resultant was deposited. Then, maintained solution temperature at 30 
degrees C for 5 hours, the reaction was made to complete, and the white powder of polyvinyl-acetal resin 
was obtained through neutralization, rinsing, and desiccation with the conventional method. When the 
obtained polyvinyl-acetal resin was dissolved in DMSO-d6 (dimethylsulfoxide) and the degree of 
acetalization was measured using 1 3 C-NMR (nuclear-magnetic-resonance spectrum), the amount of 
hydroxyl groups was 68-mol % whenever [ 30 mol % and butyral-ized ]. 

[0034] Polyvinyl alcohol 98-mol % 200g was added to 1400g of pure water a degree of polymerization 1000 
and whenever [ saponification ], and at the temperature of 90 degrees C, it stirred for about 2 hours and 
dissolved. This solution was cooled at 28 degrees C, 216g of hydrochloric acids of 35 % of the weight of 
concentration and n-butyraldehyde 128g were added to this, solution temperature was lowered to 20 degrees 
C, this temperature was maintained, the acetalization reaction was performed, and the resultant was 
deposited. Maintained solution temperature at 30 degrees C after that for 5 hours, the reaction was made to 
complete, and the white powder of polyvinyl-acetal resin was obtained through neutralization, rinsing, and 
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desiccation with the conventional method. When the obtained polyvinyl-acetal resin was dissolved in 
DMSO-d6 (dimethylsulfoxide) and the degree of acetalization was measured using 1 3 C-NMR (nuclear- 
magnetic-resonance spectrum), the amount of hydroxyl groups was 77-mol % whenever [21 mol % and 
butyral-ized ]. 

[0035] The polyvinyl-acetal resin 10 weight section which mixed manufacture degree-of-polymerization [ of 
a slurry constituent ] 300, amount % of above-mentioned polyvinyl-acetal resin and degree of 
polymerization 1000 of hydroxyl groups, and amount % [ of hydroxyl groups / % of 21 mols ] polyvinyl- 
acetal resin by the weight ratio 1:1, and was made into appearance degree-of-polymerization 550 and 
amount % of 25.1 mols of appearance hydroxyl groups was added to the partially aromatic solvent of the 
toluene 30 weight section and the ethanol 15 weight section, and the stirring dissolution was carried out. [ of 
30 mols ] The dibutyl phthalate 5 weight section was added to this resin solution as a plasticizer, and the 
stirring dissolution was carried out. In this way, the slurry constituent which the barium titanate powder (0.4 
micrometers of mean diameters) 100 weight section was added [ constituent ] to the obtained resin solution 
as ceramic powder, and it mixed [ constituent ] in it with the ball mill for 36 hours, and made it distribute 
barium titanate powder was obtained. 

[0036] The manufacture above-mentioned slurry constituent of a green sheet was applied to about 6 
micrometers on the polyester film which carried out mold release processing, and was air-dried for 30 
minutes in ordinary temperature, it dried at 60-80 degrees C with hot air drying equipment further for 15 
hours, the organic solvent was dried, and the green sheet of a thin layer with a thickness of 3 micrometers 
was obtained. 

[0037] (Examples 2-7, examples 1-5 of a comparison) The slurry constituent and the green sheet were 
manufactured by the same approach as an example 1 the degree of polymerization of polyvinyl alcohol, and 
whenever [ saponification ] except having changed the class of aldehyde, the degree of acetalization, the 
amount of hydroxyl groups, a mixing ratio and the mean particle diameter of ceramic powder, and a 
plasticizer, as shown in Table 1 . 

[0038] The detachability of a slurry constituent, an adhesive property and the sheet reinforcement of a green 
sheet, and the performance-evaluation result of flexibility are shown in Table 2. In addition, the following 
criteria performed this performance evaluation. 

(1) After carrying out the laminating of the green sheet cut on 10cm square of detachability on PET on a ten- 
sheet pile, 70 degrees C, the 150kg/cm pressure 2, and the heat-and-pressure conditions for 10 minutes, the 
following three-stages estimated the desquamative state at the time of exfoliating a green sheet from PET by 
the organoleptics which make viewing a subject. 

O :P. There is no adhesion green sheet to ET, and there are no piece and crack of a green sheet. 

** :P A part of adhesion green sheet to ET was accepted, or a part of piece of a green sheet and crack were 

accepted. 

x :P Quite many adhesion green sheets to ET were accepted, or quite many pieces of a green sheet and 

cracks were accepted. 

[0039] (2) Adhesive property (green sheet) 

After carrying out the laminating of the green sheet cut on 1 0cm square on a 200-sheet pile, 70 degrees C, 
and the heat-and-pressure conditions for [ pressure 150 kg/cm ] 2 or 10 minutes, the following three-stages 
estimated the adhesive property between the layers of a green sheet by the organoleptics which make 
viewing a subject. 

O : interlaminar peeling was not accepted at all but it has pasted up firmly. 
**: A part of interlaminar peeling was accepted, 
x: Quite many interlaminar peeling was accepted. 

(3) The stress at the time of the fracture in 20 degrees C was measured by sheet on-the-strength hauling rate 
10 mm/min (the Shimazu autograph use). 

(4) A feel investigated the flexibility of a flexibility green sheet and three levels of O (good), ** (good), and 
x (bad) estimated. The above performance-evaluation result is shown in Table 2. 

[0040] 
[Table 1] 
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[Table 2] 
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[0042] The number of polyvinyl-acetal resin of the thing of the examples 1 and 2 of a comparison was one, 
although the thing of the examples 3-5 of a comparison was used for polyvinyl-acetal resin, having been 
mixed, the difference of the amount of hydroxyl groups of the polyvinyl-acetal resin mixed was 0, and since 
the thing of the example 3 of a comparison had the small difference of polymerization degree, a result with 
which are satisfied of detachability, an adhesive property, sheet reinforcement, and the engine performance 
of flexibility was not brought. On the other hand, since the thing of examples 1-7 was controlling the 
amount of hydroxyl groups, and polymerization degree within the limits of this invention, detachability, an 
adhesive property, sheet reinforcement, and the green sheet excellent in all of flexibility were obtained. 
[0043] 

[Effect of the Invention] According to the slurry constituent for ceramic green sheets of this invention, 
where reinforcement is maintained, it excels in the adhesive property at the time of thermocompression 
bonding, and the detachability from a base material can be good and can obtain the green sheet which keeps 
flexibility good [ balance ]. Moreover, as for the green sheet using the slurry constituent for ceramic green 
sheets of this invention, it is possible for thickness to stabilize for it and accumulate a uniform thin layer 
green sheet 5 micrometers or less on 200 or more layers. 



[Translation done.] 
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